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ACCESSING SEQUENTIAL DATA IN 
MICROCONTROLLERS 

BACKGROUND 

Advances in surface mount technology and printed circuit 
(PC) board manufacture have resulted in more complex and 
smaller PC boards that have higher integrated circuit (IC) 
density. Surface mount devices (SMDs) or very large-scale 
integrated (VLSI) circuits often have minimal spacing 
betWeen pins. SMDs may be noW mounted to both sides of the 
PC board. 

“Contact” test methods for such devices (in Which the test 
?xture directly contacts the pins or other electrical contacts 
on the board), have become correspondingly more complex 
and costly. In order to test certain devices With higher pin 
pitches, some test ?xtures are con?gured With smaller probe 
tips or alternate electrical contact apparatus. Similarly, testing 
devices having ICs mounted on both sides of the PC board has 
sometimes required substantial modi?cation of pre-existing 
text ?xtures. 

In 1 990, the Institute of Electrical and Electronic Engineers 
(IEEE) adopted a standard for a non-contact method of test 
ing PC boards. According to the 1149.1 standard, also knoWn 
as the IEEE Standard Test Access Port and Boundary Scan 
Architecture, logic can be incorporated into an IC that may 
alloW for test methods that may include in-circuit testing of an 
IC itself, interconnection testing of interconnections betWeen 
ICs in an assembled PC board, and operational testing for 
observing and modifying of circuit activity during normal 
operation. The test logic may alloW softWare to control and 
observe boundary scan cells electronically during test or nor 
mal operation. A boundary scan cell may be located adjacent 
to each IC pin so that signals at the IC boundaries can be 
controlled and observed. Each boundary scan cell may 
include a shift register stage. The boundary scan cells may 
alloW test data to be electronically placed on an output pin or 
to be observed electronically on an input pin for an IC Without 
the need for a physical probe. The boundary scan cells for the 
pins of an IC may be interconnected to form a shift register 
chain. The chain may include serial input and output connec 
tions and clock and control signals. The test data may be 
shifted serially into and out of boundary scan registers that 
can be connected on a bus Within the IC. The boundary scan 
bus and other building blocks may be accessed through a Test 
Access Port (TAP). 

In many conventional implementations, the TAP controls 
an interface betWeen the boundary scan registers on the IC 
and the boundary scan bus. The TAP can be implemented as 
a state machine controlling the operations associated With the 
boundary scan cells. The TAP controller interface can be 
based on four ports. The Test Clock (TCK), Test Mode Select 
(TMS), Test Data In (TDI), and Test Data Out (TDO) ports 
may be used to control the basic operation of the TAP. The 
TCK and TMS ports may direct signals betWeen TAP con 
troller states. The TDI and TDO ports may receive the data 
input and output values serially from the boundary scan reg 
isters. An optional ?fth port, Test Reset (TRST), may be 
implemented as an asynchronous reset signal to the TAP 
controller. 

A serial protocol, such as Joint Test Action Group (J TAG) 
can be used to communicate With the TAP controller in certain 
implementations. A J TAG device, e. g., an external test device, 
can use the JTAG protocol to implement a full duplex serial 
synchronous protocol for communication With the TAP con 
troller. A JTAG master, that forms part of the JTAG device, 
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2 
and TAP controller may include logic for accessing internal 
memory devices of a microcontroller, for example. 

SUMMARY 

A system for executing a sequential data memory access 
through a serial access port may include a memory access 
controller to receive a block access command and succes 
sively access data elements in the block. In certain implemen 
tations, a test device, such as a JTAG host, transmits a block 
read or Write command specifying a start address and an 
increment value to an embedded device under test. Upon 
receipt, a memory access controller in the embedded device 
sequentially accesses the data at the start address, increments 
the address by the increment value, accesses the data at the 
incremented address, and repeats this procedure to sequen 
tially access each of the remaining data elements in the block. 

Particular embodiments of the invention can be imple 
mented to realiZe one or more of the folloWing advantages. 
First, a JTAG test device may need to send only a single 
memory access command to effectuate a read or Write opera 
tion. Second, the JTAG test device may execute other test 
protocols While the memory access controller is sequentially 
accessing data elements in a block. Third, the total time 
required to subject a device under test to a test protocol may 
be substantially reduced. 
The details of one or more embodiments of the invention 

are set forth in the accompanying draWings and the descrip 
tion beloW. Other features, objects, and advantages of the 
invention Will be apparent from the description and draWings, 
and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1 is a block diagram of an exemplary computer system 
that accesses data in memory in a microcontroller. 

FIG. 2 is a state diagram of the JTAG TAP controller as 
shoWn in FIG. 1. 

FIG. 3 is a block diagram of an exemplary system used to 
access memory in a microcontroller. 

FIG. 4 is a ?owchart of an exemplary method for accessing 
memory in a microcontroller. 

FIG. 5 is a How chart of an exemplary method in the JTAG 
master for accessing the memory of a microcontroller. 

FIG. 6 is a ?owchart of an exemplary method for accessing 
sequential memory in a microcontroller. 

FIG. 7 is a How chart of an exemplary method in the JTAG 
master for accessing the memory of a microcontroller 
sequentially. 

Like reference symbols in the various draWings indicate 
like elements. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

FIG. 1 is a block diagram of an exemplary computer system 
that accesses data in embedded memories in a controller (e. g., 
a microcontroller). By Way of example, reference Will be 
made to a microcontroller con?guration beloW. Those of ordi 
nary skill in the art Will recogniZe that the methods and 
systems disclosed have applicability to other embedded con 
?guration devices. The computer system 100 includes a host 
computer 102 connected to a microcontroller board 104 by 
Way of a JTAG interface 106. The J TAG interface 106 consists 
of a JTAG master 108 and an input/output port 110. A user by 
Way of user device 112 connected into an input/output port 
114 on the host computer 102 can operate the microcontroller 
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board 104 by sending control information to the board by Way 
of the input/output port 114 to an input/ output port 110 on the 
J TAG interface 106. For example, a user may type in a com 
mand on the keyboard of user device 112 Which Will be 
processed by an application running on the host computer 102 
resulting in an instruction being sent to the JTAG interface 
106. The instruction is sent by Way of input/ output port 114 to 
input/output port 110 Which may be a universal serial bus 
(USB) connection betWeen the host computer 102 and the 
J TAG interface 106. In another implementation, the user 
device 112 and the host computer 102 may be one device 
consisting of a laptop computer. 

The instruction received on the input/output port 110 may 
be sent to the J TAG master 108 for interpretation. The JTAG 
master 108, upon receiving the instruction, can interpret the 
instruction and determine the J TAG instructions and signals 
to be sent to the microcontroller board 104. 

The microcontroller board 104 may include a microcon 
troller 116 and a JTAG port 118. The microcontroller 116, in 
this example, is a single IC that includes a JTAG TAP con 
troller 120, an internal clock controller 122, a memory access 
module 124, memories 126, a microprocessor 128 and a 
peripheral device controller 130. Microcontroller 116 also 
can include a bus 132, an internal clock signal 134 and inter 
nal JTAG signals 136. The signals sent from the J TAG master 
108 to the pins on the JTAG port 118 may include the JTAG 
clock (TCK), TDO, TDI and TMS. The signals on these pins 
can be received on corresponding inputs on the JTAG TAP 
controller 120. Optionally the TSRT signal may be sent. 

The JTAG TAP controller 120 can process the instruction 
and data information it receives to determine the test interface 
to measure or control Within the microcontroller. The state 
machine in the JTAG TAP controller 120, Which Will be 
described in more detail in FIG. 2, can control the operation of 
the J TAG TAP controller 120. The TDO and TDI signals can 
comprise the internal JTAG signals 136 Which are connected 
to some or all of the circuits Within the microcontroller. The 
internal clock controller 122 may include logic to generate 
the internal clock signal 134 Which may be used by the mod 
ules contained Within the microcontroller, With the exception 
of the JTAG TAP controller 120. The JTAG TAP controller 
120 can use the TCK clock provided by the J TAG master 108. 
The microprocessor 128 can provide the core logic and con 
trol for the microcontroller 116 and may utiliZe the memories 
126 for storage of its program instructions as Well as data. The 
memories 126, for example, may include Electrically Eras 
able and Programmable Read Only Memory (EEPROMs) for 
instruction storage and dynamic Dynamic Random Access 
memory (DRAM) for data storage. In another example, the 
memories 126 may include Flash memory and Static Random 
Access Memory (SRAM). 

The peripheral device controller 130 may include the logic 
for the microcontroller 1 1 6 to connect to and/ or communicate 
With other devices. For example, the peripheral device con 
troller 130 may contain logic for the microcontroller to con 
nect to a digital signal processor alloWing it the ability to 
process digital image data, for example, a color image from a 
digital camera. In this example, the digital image data may be 
received by the microcontroller by Way of an input device 
connected to the peripheral device controller 130. 

The memory access module 124 may include logic to alloW 
for accessing of the memories 126 by the JTAG TAP control 
ler 120. The bus 132 may include address and data bits that are 
propagated throughout the microcontroller 1 1 6 that can alloW 
the core logic in the microprocessor 128 to access and control 
the other logic modules Within the microcontroller 116. 
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4 
FIG. 2 is a state diagram 200 of the JTAG TAP controller 

120, as shoWn in reference to FIG. 1. The state diagram shoWs 
an example state machine, Which includes state transitions 
that are controlled by the TMS signal and driven by the TCK 
signal. Each state has tWo exits alloWing all transitions to be 
controlled by the one TMS signal. 
TWo paths in the state diagram 200 are a data register path 

202 and an instruction register path 204. The data register 
path 202 can include controls for the operations on data 
registers. The controls can include the boundary scan register 
(BSR), Which is connected betWeen the TDO and TDI signals 
for input and output. The controls can also include the bypass 
register, Which alloWs TDI and TDO to be connected to a 
single bit pass through register for input and output. The data 
register to be operated on, When the data register path 202 is 
taken, is selected based on the value loaded in an instruction 
register. The instruction register path 204 can include controls 
for operations on an instruction register. 

In one implementation, the state machine includes six 
ready states: Test-Logic-Reset state 206, Run-Test/Idle state 
208, Shift-DR state 210, Pause-DR state 212, Shift-IR state 
214, and Pause-IR state 216. The Test-Logic-Reset state 206 
is the steady state that exists for the condition When TMS is set 
high (i.e., equal to 1). 

At poWer up or during normal operation of the microcon 
troller, the JTAG TAP controller 120 is placed into the Test 
Logic-Reset state 206 by driving the TMS input high and 
applying, for example, ?ve or more TCKs. In this state, the 
JTAG TAP controller 120 issues a reset signal that places all 
test logic in a condition that does not impede normal opera 
tion of the microcontroller. A protocol is applied by Way of the 
TMS input signal and the TCK signal causing the J TAG TAP 
controller to exit the Test-Logic-Reset state 206 and enter the 
Run-Test/Idle state 208 When test access is required. An 
instruction register (IR) scan can be issued to the J TAG TAP 
controller 120 transitioning it through the instruction register 
path 204 from the Run-Test/Idle state 208. A data register 
(DR) scan can also be issued to the JTAG TAP controller 120 
transitioning it through the data register path 202 from the 
Run-Test/Idle state 208. 
The states of the data register path 202 and the instruction 

register path 204, in this example, are mirror images of each 
other, adding symmetry to the state transitions. The ?rst 
action that can occur When either path is entered is a capture 
operation. The data register path 202 is entered though a 
Select-DR Scan state 218 transitioning to a Capture-DR state 
220. The instruction register path is entered by transitions 
through the Select-DR Scan state 218 and a Select-IR Scan 
state 220 to a Capture-IR state 224. 

For example, an operation can include a transition path 
through the data register path 202 and instruction register path 
204. The operation can load a neW data value into the cur 
rently selected data register and read back the old data value. 
The value of the currently selected data register that Will be 
shifted out can be captured upon entry to the Capture-DR 
state 220. The neW value can be shifted into the currently 
selected data register from the TDI line, for example one bit at 
a time, upon entries to the Shift-DR state 210. The old value 
of the currently selected data register can be shifted out to the 
TDO line, for example one bit at a time, upon exits from the 
Shift-DR state 210. The J TAG TAP controller 120 transitions 
to an Exitl-DR state 226 When complete. The value of the 
currently selected data register can be transferred to the out 
put pins, in the case of the boundary scan register, upon entry 
to an Update-DR state 228 after exiting the Exitl-DR state 
226. The JTAG TAP controller 120 transitions to the Run 
Test/Idle state 208 terminating the operation. 
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The value of the instruction register that Will be shifted out 
can be captured upon entry into the Capture-IR state 224. The 
old value can be shifted out, for example one bit at a time upon 
entries to the Shift-IR state 214. In some implementations, the 
value captured by the shift register in Capture-IR is not the 
same as the old IR value, but can be a status code, or a ?xed 
value, as de?ned by the J TAG standard. The neW value can be 
shifted into the instruction register, for example one bit at a 
time, upon exits to the Shift-IR state 214. The JTAG TAP 
controller 120 transitions to an Exitl -IR state 230 When com 
plete. The neW value shifted into the instruction register can 
be applied and the instruction takes effect upon entry into an 
Update-IR state 232. The JTAG TAP controller 120 transi 
tions to the Run-Test/ Idle state 208 terminating the operation. 
A pause state may be entered to temporarily suspend the 

shifting of data through either the selected data register, in the 
case of Pause-DR 212, or the instruction register, in the case 
of Pause-IR 216. A pause may occur While a required opera 
tion, for example re?lling a tester memory buffer, is per 
formed. In the case of the data register path 202, shifting can 
resume from the Pause-DR state 212 by Way of an Exit2-DR 
state 234. Shifting can also be ended by Way of the Exit2-DR 
state 234 and the Update-DR state 228. The Update-DR state 
228 then transitions to the Run-Test/ Idle state 208. In the case 
of the instruction register path 204, shifting can resume from 
the Pause-IR 216 state by Way of an Exit2-IR state 236. 
Shifting can also be ended by Way of the Exit2-IR 236 state 
and the Update-IR state 232. The Update-IR state 232 then 
transitions to the Run-Test/Idle state 208. 

FIG. 3 is a block diagram of an exemplary system used to 
access memory in a microcontroller. The memory access 

system 300 includes a JTAG TAP controller 302, memory 
access control module 304, a CPU and other bus masters 306, 
a bus matrix 308 and memory 310. 

The J TAG TAP controller 302 can include input pins: test 
clock input (TCK) 312, test mode select (TMS) 314, test data 
input (TDI) 316 and test data output (TDO) 318. The TCK 
312 can provide the clock input to the boundary scan module 
of the microcontroller, Which controls the access of the 
boundary scan registers and bus on the microcontroller. The 
TMS 314 can provide the control signal that determines the 
transitions of the JTAG TAP controller 302 state machine, as 
Was shoWn in reference to FIG. 2. TDO 318 can be a serial 

data output pin, Which can provide instruction, test and pro 
gramming data. TDI 316 can be a serial data input pin, Which 
can provide instruction, test and programming data. The TMS 
314, TCK 312 and optionally the TRST (not shoWn) pins can 
operate the J TAG TAP controller 302. The TDO 318 and TDI 
316 pins can provide a serial path for the data registers. 

The CPU and other bus masters 306 can control the access 
to the memory 310 in the microcontroller. The memory 
access control module 304 as Well as other modules in the 
microcontroller may access the memory 310. The memory 
310 in the microcontroller may include various types of 
memory devices, Which are described in reference to FIG. 1. 
The CPU and other bus masters 306 control access to the 
memory 310 by Way of a bus matrix 308. The bus matrix 308 
can interface to logic components in the microcontroller that 
require access to the microcontroller bus. The bus matrix 308 
can control and prioritiZe memory accesses Within the micro 
controller. An example of one of these logic components is 
the memory access control module 304. 

The memory access control module 304 may include a 
control module 320, a memory access and control register 
(MACR) 322, a memory data register (MDR) 324, a bus 
interface 326, a busy register 328 and a summing module 330. 
The memory access control module 304 may also include a 
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6 
sequential access control module 332. The memory access 
control module 304 can control read and Write operations to 
the memory 310. The operations are performed during tran 
sitions of the JTAG state machine, as described in FIG. 2. The 
MACR 322, the MDR 324 and the busy register 328 are data 
registers that can be operated on by the JTAG TAP controller 
state machine. The transitions can occur in the data register 
path 202. 

In one embodiment, a vendor-de?ned MEMORY_AC 
CESS instruction can alternately select the MACR 322 and 
the MDR 324. The MACR 322 can contain address and 
control information for the memory access. The MDR 324 
can contain the data that is needed for or is a result of the 
memory access. 

In another embodiment, a vendor de?ned MEMORY_ 
BLOCK_ACCESS instruction can also alternately select the 
MACR 322 and the MDR 324. The MACR 322 associated 
With this instruction can contain address and control informa 
tion for the memory access. In this implementation, the con 
trol information may include a siZe ?eld that can indicate the 
byte siZe of the memory locations accessed. The MDR 324 
can contain the data that is needed for or is a result of the 
memory access. 

A JTAG reset, described in reference to FIG. 2, can con 
?gure the memory access system 300 to accept the vendor 
de?ned instruction, MEMORY_ACCESS, ensuring selection 
of the MACR 322 by default as the ?rst register to be 
accessed. When the MEMORY_ACCESS instruction is 
loaded into the JTAG master, the JTAG TAP controller 302 
can enter into the Select-DR scan state selecting the MACR 
322. The transition to the Capture-DR state captures the busy 
register 328. 
The busy register 328 may indicate if a memory access is in 

progress. The busy register 328 may contain a BUSY bit ?ag 
Which, if set (e. g., equal to one), indicates that a memory 
access is in progress by the memory access control module 
304. If the BUSY bit ?ag is not set (e.g., equal to Zero), no 
memory access is occurring in the memory access control 
module 304. The BUSY bit ?ag in the busy register may be 
used as a feedback control. This feedback control may alloW 
for continuous memory accesses Without concern for address 
or data corruption. 

If there are no memory accesses in progress, the JTAG TAP 
controller state machine transitions to the Shift-DR state. In 
this state, the address of the memory location to be accessed 
is shifted into the MACR 322 from TDI 316. A read/Write 
(R/W) bit ?ag may be included in the MACR 322 indicating 
if data is to be read from or Written to the memory location 
Whose address may also be contained in the MACR 322. The 
address and control information in the MACR 322 can be 
synchronized to the internal clock of the microcontroller. 
Once all of the data from TDI 316 is shifted into the MACR 
322 it can be sent to the bus interface 326. The bus interface 
326 can provide an interface betWeen the memory access 
control module 304 and the microcontroller bus by Way of the 
bus matrix 308. The bus matrix 308 can control the access of 
the memory access control module 304 to the memory 310. 
The J TAG TAP controller state machine can then transition 

to the Update-DR state. When this occurs, the MDR 324 is 
selected. In the case of a memory read, the read data can be 
loaded into the MDR 324 during this state. HoWever, the data 
Will not be scanned out and therefore Will not be available on 
TDO 318. Also during this state, the busy register 328 data 
can be scanned out. The control module 320, having knoWl 
edge of the memory access type, can control the output of the 
summing module 330 to send the busy register 328 contents 
to the TDO 318 input pin of the J TAG TAP controller 302. The 



US 7,451,367 B2 
7 

J TAG master observes the value of TDO 318. The JTAG 
master may then send another MEMORY_ACCESS instruc 
tion to the JTAG TAP controller 302. In the case of a Write 
operation, this instruction Will contain the data to Write. 

The MEMORY_ACCESS instruction Will cause the JTAG 
TAP controller 302 to enter the Capture-DR state Where the 
busy register 328 Will be captured. If there is not another 
memory access in progress, the JTAG TAP controller state 
machine transitions to the Shift-DR state. If a Write access is 
requested, the Write data Will be scanned into the MDR 324 
from TDI 316 during this state. The Write operation Will occur 
When the J TAG TAP controller enters the Update-DR state. In 
this state, the contents of the MDR 324 Will be transferred to 
the memory 310 by Way of the bus interface 326 and the bus 
matrix 308. The MACR 322 is then selected and the memory 
access for that address is complete. The control module 320 
enables the busy register 328 to be scanned out on TDO 318. 
The J TAG master can observe the value of the BUSY bit ?ag 
in the busy register 328 returned on TDO 318 and determine 
if the memory access operation is complete. If complete, 
another MEMORY_ACCESS instruction sequence may be 
initiated in order to read or Write data to another memory 
location. 

In the case ofa read access, TDI 316 is not scanned into 
MDR 324 during the Shift-DR state. The J TAG TAP control 
ler state machine then transitions to the Update-DR state. In 
this state, the contents of the MDR 324 Will be scanned out to 
the summation block 330. The control module 320 by Way of 
the summation block 330 can combine the output data from 
the memory in the MDR 324 With the BUSY bit ?ag from the 
busy register 328. The control module 320 then enables this 
combined data value to be scanned out on TDO 318. The 
J TAG master can ob serve the value of the BUSY bit ?ag in the 
busy register 328 returned on TDO 318 and determine if the 
memory access operation is complete. If the operation is 
complete, the J TAG master can then store the returned data 
value read from the speci?c memory location. Another 
MEMORY_ACCESS instruction sequence may be initiated 
in order to read or Write data to another memory location. 

In another implementation, the MEMORY_BLOCK_AC 
CESS instruction is loaded into the J TAG master. The JTAG 
TAP controller 302 can then enter into the Select-DR scan 
state selecting the MACR 322. The transition to the Capture 
DR state captures the busy register 328. If there are no 
memory accesses in progress, the J TAG TAP controller state 
machine transitions to the Shift-DR state. In this state, the 
address of the memory location to be accessed is shifted into 
the MACR 322 from TDI 316. The R/W bit ?ag may be 
included in the MACR 322 indicating if data is to be read from 
or Written to the memory location Whose address may also be 
contained in the MACR 322. The siZe ?eld may be included 
in the MACR 322 indicating the byte Width of the address of 
the memory location to be used in the memory access. The 
address and control information in the MACR 322 can be 
synchroniZed to the internal clock of the microcontroller. 
Once all of the data from TDI 316 is shifted into the MACR 
322 it can be sent to the bus interface 326. 

The J TAG TAP controller state machine can then transition 
to the Update-DR state. When this occurs, the MDR 324 is 
selected. In the case of a memory read, the read data can be 
loaded into the MDR 324 during this state. HoWever, the data 
Will not be scanned out and therefore Will not be available on 
TDO 318. Also during this state, the busy register 328 data 
can be scanned out. The control module 320, having knoWl 
edge of the memory access type, can control the output of the 
summing module 330 to send the busy register 328 contents 
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to the TDO 318 input pin of the J TAG TAP controller 302. The 
J TAG master observes the value of TDO 318. 

In this implementation, the J TAG master may then send a 
MEMORY_BLOCK_ACCESS instruction to the J TAG TAP 
controller 3 02. In the case of a Write operation, this instruction 
Will contain the data to Write. 

The MEMORY_BLOCK_ACCESS instruction Will cause 
the JTAG TAP controller 302 to enter the Capture-DR state 
Where the busy register 328 Will be captured. If there is not 
another memory access in progress, the JTAG TAP controller 
state machine transitions to the Shift-DR state. If a Write 
access is requested, the Write data Will be scanned into the 
MDR 324 from TDI 316 during this state. The Write operation 
Will occur When the J TAG TAP controller enters the Update 
DR state. In this state, the contents of the MDR 324 Will be 
transferred to the memory 310 by Way of the bus interface 326 
and the bus matrix 3 08. When the Update-DR state is entered, 
the sequential access control module 332 can increment the 
address contained in the MACR 322 according to the siZe 
?eld in the MACR 322. The address in the MACR 322 re?ects 
the next sequential address of a block of memory that may be 
accessed. Another MEMORY_BLOCK_ACCESS instruc 
tion may be sent to the J TAG TAP controller 302 by the JTAG 
master. The next sequential address in the block of memory 
Will be accessed for the operation indicated by the R/W bit 
?ag previously stored in the MACR 322. MEMORY_ 
BLOCK_ACCESS instructions can be continuously sent for 
Writing sequential blocks of memory in the microcontroller. 
The control module 320 enables the busy register 328 to be 

scanned out on TDO 318. The J TAG master can observe the 
value of the BUSY bit ?ag in the busy register 328 returned on 
TDO 318 and determine if the memory access operation is 
complete. If complete, another MEMORY_BLOCK_AC 
CESS instruction may be initiated in order to read or Write 
data to another memory location. 

In the case of a read access, TDI 316 is not scanned into 
MDR 324 during the Shift-DR state. The J TAG TAP control 
ler state machine then transitions to the Update-DR state. In 
this state, the contents of the MDR 324 Will be scanned out to 
the summation block 330. When the Update-DR state is 
entered, the sequential access control module 332 can incre 
ment the address contained in the MACR 322 according to the 
siZe ?eld in the MACR 322. The control module 320 by Way 
of the summation block 33 0 can combine the output data from 
the memory in the MDR 324 With the BUSY bit ?ag from the 
busy register 328. The control module 320 then enables this 
combined data value to be scanned out on TDO 318. The 
J TAG master can observe the value of the BUSY bit ?ag in the 
busy register 328 returned on TDO 318 and determine if the 
memory access operation is complete. If the operation is 
complete, the J TAG master can then store the returned data 
value read from the speci?c memory location. Another 
MEMORY_BLOCK_ACCESS instruction may be sent in 
order to read another memory location. 

FIG. 4 is a ?owchart of an exemplary method for accessing 
memory in a microcontroller. The memory access method 
400 starts When the J TAG TAP controller 302, as described in 
reference to FIG. 3, receives the vendor de?ned J TAG instruc 
tion, MEMORY_ACCESS (step 402). For example, the 
instruction can be received from the JTAG master 108, as 
described in reference to FIG. 1. This instruction is imple 
mented in the memory access control module 304, as shoWn 
With reference to FIG. 3. The start of the memory access 
method 400 can result in the selection of the MACR 322. The 
J TAG TAP controller state machine can then transition doWn 
the data register path 202, as shoWn in reference to FIG. 2. The 
?rst state it can transition into is the Capture-DR state. In this 
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state, the busy register 328 can be captured. If, in step 404, the 
BUSY bit ?ag in the busy register 328 is set (e.g., equal to 
one), the value is scanned out on TDO 318 in step 406. The 
BUSY bit ?ag being set indicates that the memory access 
control module 304 is in the process of another memory 
access. The memory access method 400 proceeds to step 402 
to receive another MEMORY_ACCESS instruction. The 
memory access method 400 Will continue to perform these 
operations until the BUSY bit ?ag in the busy register 328 
indicates that the memory access control module 304 is avail 
able for another memory access. 

If, in step 404, the BUSY bit ?ag is not equal to one, the 
JTAG TAP controller state machine transitions to the Shift 
DR state. During this state, in step 408, the data on TDI 316 
is scanned into the MACR 322. The data may include a 
memory address to be accessed Within the microcontroller 
and the R/W bit ?ag indicating if the address to be accessed 
can be read from or Written to. The J TAG TAP controller state 
machine next transitions to the Update-DR state by Way of the 
Exitl -DR state. During this state, in step 410, the busy regis 
ter 328 can be scanned out on TDO 318 by Way of summation 
block 330 under the control of the control module 320. HoW 
ever, the busy register 328 Will have the BUSY bit ?ag not set 
(e. g., equal to Zero) as it Was captured in step 404. In step 404, 
if the BUSY bit ?ag Was set (e.g., equal to one) the memory 
access method 400 proceeded to step 402 to receive another 
MEMORY_ACCESS instruction. Therefore, though this step 
410 occurs Within the memory access method 400, the JTAG 
master may choose not to observe the value of TDO 318 at 
this point in the memory access method. 

The R/W bit ?ag in the MACR 322 indicates if a read or 
Write access is to occur. If the R/W bit flag is set (e.g., equal 
to one), a Write access Will occur. If the ?ag is not set (e.g., 
equal to Zero) a read access Will occur. Step 412 determines 
the value of the R/W bit ?ag. If, in step 412, the R/W bit ?ag 
is not set (e. g., equal to Zero), a read access Will occur and the 
memory access method 400 proceeds to step 414. 

The J TAG TAP controller state machine, in the Update-DR 
state, reads the data from the memory 310 into the MDR 324 
by Way of the bus matrix 308 and bus interface 326. During 
this state, the MDR 324 is selected for the next pass through 
the data register path 202 of the JTAG TAP controller state 
machine. 

Next, in step 416, a MEMORY_ACCESS instruction is 
received by the JTAG TAP controller 302. The JTAG TAP 
controller state machine transitions to the Capture-DR state 
and the busy register 328 is captured. The J TAG TAP control 
ler then transitions to the Shift-DR state Where, in the case of 
a read access, TDI 316 is not scanned into the MDR 324. The 
JTAG TAP controller state machine then transitions to the 
Update-DR state. In this state, the contents of the MDR 324 
Will be scanned out to the summation block 330. The control 
module 320 by Way of the summation block 330 can combine 
the output data from the memory in the MDR 324 With the 
BUSY bit ?ag from the busy register 328. The control module 
320 then enables this combined data value to be scanned out 
on TDO 318 in step 418. The JTAG master can observe the 
value of the BUSY bit ?ag and determine if the memory 
access is complete. If, in step 420, it is determined that the 
BUSY bit ?ag is set (e. g., equal to one), indicating the 
memory access is not complete, the memory access method 
proceeds to step 416 Where it can receive another MEMORY_ 
ACCESS instruction. The memory access method 400 Will 
continue to perform these operations until the BUSY bit ?ag 
in the busy register is not set (e.g., equal to Zero). This Will 
indicate that the memory location addressed can be accessed 
for reading. If it is determined, in step 420, that the BUSY bit 
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?ag is not set (e.g., equal to Zero) then the memory access 
control module 304 contains the valid data value read from 
the memory in the MDR 324. The memory access method 
400 selects the MACR 322 and terminates. While the BUSY 
bit ?ag is equal to one, the JTAG master can ignore the 
memory data scanned out on TDO 318. 

If, in step 412, the R/W bit ?ag is set (e.g., equal to one), a 
Write access Will occur and the memory access method 400 
proceeds to step 422. The J TAG TAP controller state 
machine, in the Update-DR state, selects the MDR 324 reg 
ister for the next pass through the data register path 202 of the 
J TAG TAP controller state machine. 

Next, in step 422, a MEMORY_ACCESS instruction is 
received by the JTAG TAP controller 302. The JTAG TAP 
controller state machine transitions to the Capture-DR state 
and the busy register 328 is captured. If it is determined, in 
step 424, that the BUSY bit ?ag of the busy register 328 is set 
(e.g., equal to one), Write data is not scanned into the MDR 
324 as another memory access is in progress. The memory 
access method 400 proceeds to step 426. In step 426, the busy 
register 328 is scanned out by Way of summation block 330 
under the control of the control module 320 to TDO 318. Step 
428 determines that the BUSY bit ?ag is set (e.g., equal to 
one) and the memory access method 400 proceeds to step 
422. The memory access method 400 Will continue to per 
form these operations until the BUSY bit ?ag is not set (e. g., 
equal to Zero). The not set condition Will indicate that the 
memory location addressed can be accessed for Writing. 

If the BUSY bit ?ag is not set (e.g., equal to Zero), in step 
424, the JTAG TAP controller then transitions to the Shift-DR 
state Where, in the case of a Write access, the data to be Written 
is scanned into the MDR 324 from TDI 316 in step 430. The 
JTAG TAP controller state machine then transitions to the 
Update-DR state Where, in step 432, the contents of the MDR 
324 Will be transferred to the memory 310 by Way of the bus 
interface 326 and the bus matrix 308 to the memory 310. Also 
the busy register 328 is scanned out on TDO 318 by Way of the 
summation block 330 under the control of the control module 
320, in step 426. In step 428, it is determined that the BUSY 
bit ?ag is not set (e.g., equal to Zero). The memory access 
method 400 selects the MACR 322 and terminates. 

FIG. 5 is a How chart of an exemplary method 500 in the 
JTAG master 108 for accessing the memory of a microcon 
troller. The method 500 may start With, for example, a user on 
user device 112 entering a command into the host computer 
102, by Way of the user device keyboard, initiating a memory 
access process Whose method Was described in reference to 
FIG. 4. The J TAG master sends the MEMORY_ACCESS 
instruction to the J TAG TAP controller 302 in step 502. This 
instruction may include the address of the memory location to 
be accessed as Well as the R/W bit ?ag indicating if the access 
is to be a memory read or memory Write. The JTAG master 
observes the value of TDO 318 received from the JTAG TAP 
controller 302 in step 504. If TDO is equal to l, in step 504, 
the memory access control module 304, in reference to FIG. 
3, cannot begin a neW memory access sequence. Therefore, 
the method 500 proceeds to step 502. If, hoWever, TDO is not 
set (e.g., equal to Zero), in step 504, the method 500 can 
continue to step 506. 

Step 506 determines if the memory access is a read or a 
Write access. If the R/W bit ?ag is set (e.g., equal to one), a 
memory Write access can occur and the method 500 can 

proceed to step 508. The JTAG master sends a MEMORY_ 
ACCESS instruction to the JTAG TAP controller 302 that 
contains the data to be Written to the memory. The JTAG 
master then observes the value of TDO 318. If TDO is set 
(e.g., equal to one), in step 510, the memory access control 
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module 304 is not ready to accept the data to be Written to the 
memory location. The method 500 Will then proceed to step 
508. The J TAG master sends the MEMORY_ACCESS 
instruction to the JTAG TAP controller again, containing the 
data to be Written to memory. If, in step 510, TDO is not set 
(e. g., equal to Zero), the memory Write Was completed and the 
method 500 is ended. 

If step 506 determined, by R/W bit ?ag being not set (e.g., 
equal to Zero), that a memory read access is to occur, the 
method 500 proceeds to step 512. The JTAG master sends a 
MEMORY_ACCESS instruction to the J TAG TAP controller 
302. In step 514, the J TAG master receives the read data and 
the BUSY bit ?ag on TDO. The JTAG master observes the 
value of the BUSY bit ?ag. If the BUSY bit ?ag is set (e.g., 
equal to 1), in step 516, the memory access control module 
304 did not read the data from the addressed memory loca 
tion. The JTAG master may ignore the data received and the 
method 500 proceeds to step 512 Where the JTAG master 
resends the MEMORY_ACCESS instruction. If, hoWever, in 
step 516 the BUSY bit ?ag is not set (e.g., equal to Zero), the 
data Was read from the memory location and returned to the 
J TAG master. The method 500 ends. 

FIG. 6 is a ?owchart of an exemplary method for accessing 
sequential memory in a microcontroller. The sequential 
memory access method 600 starts When the J TAG TAP con 
troller 302, as described in reference to FIG. 3, receives the 
vendor de?ned J TAG instruction, MEMORY_BLOCK_AC 
CESS (step 602). For example, the instruction can be received 
from the JTAG master 108, as described in reference to FIG. 
1. This instruction is implemented in the memory access 
control module 304, as shoWn With reference to FIG. 3. The 
start of the sequential memory access method 600 can result 
in the selection of the MACR 322. The J TAG TAP controller 
state machine can then transition doWn the data register path 
202, as shoWn in reference to FIG. 2. The ?rst state it can 
transition into is the Capture-DR state. In this state, the busy 
register 328 can be captured. If, in step 604, the BUSY bit ?ag 
in the busy register 328 is set (e.g., equal to one), the value is 
scanned out on TDO 318 in step 606. The BUSY bit ?ag being 
set indicates that the memory access control module 304 is in 
the process of another memory access. The memory access 
method 600 proceeds to step 602 to receive another MEMO 
RY_BLOCK_ACCESS instruction. The memory access 
method 600 Will continue to perform these operations until 
the BUSY bit ?ag in the busy register indicates that the 
memory access control module 304 is available for another 
memory access. 

If, in step 604, the BUSY bit ?ag is not set (e.g., equal to 
Zero), the JTAG TAP controller state machine transitions to 
the Shift-DR state. During this state, in step 608, the data on 
TDI 316 is scanned into the MACR 322. The data may 
include a memory address to be accessed Within the micro 
controller and the R/W bit ?ag indicating if the address to be 
accessed can be read from or Written to. The data may also 
include the siZe ?eld Which indicates the byte Width of the 
address in the MACR 322. The JTAG TAP controller state 
machine next transitions to the Update-DR state by Way of the 
Exitl -DR state. During this state, in step 610, the busy regis 
ter 328 can be scanned out on TDO 318 by Way of summation 
block 330 under the control of the control module 320. HoW 
ever, the busy register 328 Will have the BUSY bit ?ag not set 
(e. g., equal to Zero) as it Was captured in step 604. In step 604, 
if the BUSY bit ?ag Was set (e.g., equal to one) the sequential 
memory access method 600 proceeded to step 602 to receive 
another MEMORY_BLOCK_ACCESS instruction. There 
fore, though this step 610 occurs Within the sequential 
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memory access method 600, the JTAG master may choose not 
to observe the value of TDO 318 at this point in the sequential 
memory access method. 

The R/W bit ?ag in the MACR 322 indicates if a read or 
Write access is to occur. If the R/W bit ?ag is set (e.g., equal 
to one), a Write access Will occur. If it is not set (e.g., equal to 
Zero) a read access Will occur. Step 612 determines the value 
ofthe R/W bit ?ag. If, in step 612, the R/W bit ?ag is not set 
(e.g., equal to Zero), a read access Will occur and the memory 
access method 600 proceeds to step 614. 
The J TAG TAP controller state machine, in the Update-DR 

state, reads the data from the memory 310 into the MDR 324 
by Way of the bus matrix 308 and bus interface 326. During 
this state, the MDR 324 register is selected for the next pass 
through the data register path 202 of the J TAG TAP controller 
state machine. 

Next, in step 616, it is determined if a MEMORY_ 
BLOCK_ACCESS instruction has been received by the 
J TAG TAP controller 302. If the instruction has been 
received, the JTAG TAP controller state machine transitions 
to the Capture-DR state and the busy register 328 is captured. 
The JTAG TAP controller then transitions to the Shift-DR 
state Where, in the case of a read access, TDI 316 is not 
scanned into the MDR 324. The JTAG TAP controller state 
machine then transitions to the Update-DR state. When the 
Update-DR state is entered, if the BUSY bit ?ag in the busy 
register is not set (e.g., equal to Zero), in step 618, the sequen 
tial access control module 332 can increment the address 
contained in the MACR 322 according to the siZe ?eld in the 
MACR 322 in step 620. If the BUSY bit ?ag is set (e. g., equal 
to one), the address Will not be incremented. The data has not 
been successfully read so the instruction should be repeated. 
The sequential memory access method Will proceed to step 
622. 

Also in this state, the contents of the MDR 324 Will be 
scanned out to the summation block 330. The control module 
320 by Way of the summation block 330 can combine the 
output data from the memory in the MDR 324 With the BUSY 
bit ?ag from the busy register 328. The control module 320 
then enables this combined data value to be scanned out on 
TDO 318 in step 622. The J TAG master can observe the value 
of the BUSY bit ?ag and determine if the memory access Was 
successful. The sequential memory access process 600 can 
then proceed to step 616 to receive another MEMORY_ 
BLOCK_ACCESS instruction. If the previous instruction did 
not complete, the J TAG master may send the same data With 
the MEMORY_BLOCK_ACCESS instruction for a repeat of 
the read. If the previous instruction Was successful, the JTAG 
master may send the data for the next sequential access of the 
memory. 

If, in step 616, a MEMORY_BLOCK_ACCESS instruc 
tion is not received, the sequential memory access method 
600 is terminated. 

If, in step 612, the R/W bit ?ag is set (e.g., equal to one), a 
Write access Will occur and the sequential memory access 
method 600 proceeds to step 624. The JTAG TAP controller 
state machine, in the Update-DR state, selects the MDR 324 
register for the next pass through the data register path 202 of 
the J TAG TAP controller state machine. 

Next, in step 624, a MEMORY_BLOCK_ACCESS 
instruction is received by the JTAG TAP controller 302. The 
JTAG TAP controller state machine transitions to the Cap 
ture-DR state and the busy register 328 is captured. If it is 
determined, in step 626, that the BUSY bit ?ag of the busy 
register 328 is set (e.g., equal to one), Write data is not scanned 
into the MDR 324 as another memory access is in progress. 
Also the address in the MACR 322 is not incremented. The 
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sequential memory access method 600 proceeds to step 628. 
In step 628, the busy register 328 is scanned out by Way of 
summation block 330 under the control of the control module 
320 to TDO 318. Step 628 determines that the BUSY bit ?ag 
is set (e.g., equal to one) and the sequential memory access 
method 600 proceeds to step 624. The sequential memory 
access method 600 Will continue to perform these operations 
until the BUSY bit ?ag is not set (e.g., equal to Zero). This Will 
indicate that the memory location addressed can be accessed 
for Writing. 

If the BUSY bit ?ag is not set (e.g., equal to Zero), in step 
626, the JTAG TAP controller then transitions to the Shift-DR 
state Where, in the case of a Write access, the data to be Written 
is scanned into the MDR 324 from TDI 316 in step 630. The 
JTAG TAP controller state machine then transitions to the 
Update-DR state Where, in step 632, the contents of the MDR 
324 Will be transferred to the memory 310 by Way of the bus 
interface 326 and the bus matrix 308 to the memory 310. 
When the Update-DR state is entered the sequential access 
control module 332 can increment the address contained in 
the MACR 322 according to the siZe ?eld in the MACR 322 
in step 634. Also the busy register 328 is scanned out on TDO 
318 by Way of the summation block 330 under the control of 
the control module 320 in step 628. The sequential memory 
access method 600 can then proceed to step 624. 

If, in step 624, a MEMORY_BLOCK_ACCESS instruc 
tion is not received, the sequential memory access method 
600 is terminated. 

FIG. 7 is a How chart of an exemplary method in the JTAG 
master 108, as shoWn in reference to FIG. 1, for sequentially 
accessing the memory of a microcontroller. The method 700 
may start With, for example, a user on user device 112 enter 
ing a command into the host computer 102, by Way of the user 
device keyboard, initiating a sequential memory access pro 
cess Whose method Was described in reference to FIG. 6. The 
J TAG master can determine a block siZe, N, of the memory to 
be sequentially accessed in step 702. The block siZe, N, is the 
number of sequential memory locations to be read from or 
Written to by the J TAG master. This value may be, for 
example, entered by the user by Way of user device 112. In 
another example, the block siZe, N, may be hardcoded in the 
J TAG master 108. 

The JTAG master sends the MEMORY_BLOCK_AC 
CESS instruction to the JTAG TAP controller 302, in step 
704. The instruction may include a memory address to be 
accessed Within the microcontroller and the R/W bit ?ag 
indicating if the address to be accessed can be read from or 
Written to. The data may also include the siZe ?eld Which 
indicates the byte Width of the address in the MACR 322. If 
TDO is set (e.g., equal to 1), in step 706, the memory access 
control module 304, in reference to FIG. 3, cannot begin a 
neW memory access sequence. Therefore, the method 700 
returns to step 704. If, hoWever, TDO is not set (e.g., equal to 
Zero), in step 706, the method 700 can continue to step 708. 

Step 708 determines if the memory access is a read or a 
Write. If the R/W bit ?ag is set (e.g., equal to one), a memory 
Write access can occur and the method 700 can proceed to step 
710. The J TAG master sends a MEMORY_BLOCK_AC 
CESS instruction to the JTAG TAP controller 302 that con 
tains the data to be Written to the memory. The J TAG master 
then observes the value of TDO 318. IF TDO is set (e. g., equal 
to one), in step 712, the memory access control module 304 is 
not ready to accept the data to be Written to the memory 
location. The method 700 Will then proceed to step 710. The 
J TAG master sends the MEMORY_BLOCK_ACCESS 
instruction to the JTAG TAP controller again, containing the 
data to be Written to memory. If, in step 712, TDO is not set 
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(e.g., equal to one), the memory Write Was completed. The 
JTAG master, in step 714, decrements the block siZe, N. In 
step 716, if N is not equal to Zero, the method 700 proceeds to 
step 710. The J TAG master, in block accessing sequential data 
in the microcontroller, may do so either as a block of read or 
Write accesses. If in step 716, N is equal to Zero, the method 
700 is ended. 

If, in step 708, it is determined that the R/W bit ?ag Was not 
set (e.g., not equal to one), then a read access Will occur. The 
method 700 proceeds to step 718. The JTAG master sends a 
MEMORY_BLOCK_ACCESS instruction to the J TAG TAP 
controller 302. In step 720, the JTAG master receives the read 
data and the BUSY bit ?ag on TDO. The J TAG master 
observes the value of the BUSY bit ?ag. If the BUSY bit ?ag 
is set (e.g., equal to one), in step 722, the memory access 
control module 304 did not read the data from the addressed 
memory location. The J TAG master may ignore the data 
received and the method 700 proceeds to step 718. If, hoW 
ever, in step 722 the BUSY bit ?ag is not set (e. g., not equal to 
one), the data Was read from the memory location and 
returned to the J TAG master. The JTAG master, in step 724, 
decrements the block siZe, N. In step 726, if N is not equal to 
Zero, the method 700 proceeds to step 718. If in step 726, N is 
equal to Zero, the method 700 is ended. 

In one implementation of the memory access system 300, 
the memory access initiated in the Update-DR is completed 
by the time the Capture-DR is entered the next time When 
either a MEMORY_ACCESS instruction or a MEMORY_ 
BLOCK_ACCESS instruction is received. Capture-DR can 
occur, for example, at least three TCK cycles after the 
Update-DR. The memory access is controlled by the CPU and 
other masters 306, and is measured by internal clock cycles. 
The internal clock may be faster that the TCK alloWing the 
memory access to complete Within the three JTAG TCK 
cycles. 

In another implementation of the memory access system 
300, the memory access is not completed Within the three 
JTAG TCK cycles. The JTAG master may insert idle cycles 
into the memory access system 300 by entering the Run-Test/ 
Idle state of the JTAG TAP Controller state machine for as 
long as needed. The number of idle cycles can be entered into 
the J TAG master, for example, by a user entering a value by 
Way of user device 112 Which Will be sent to the JTAG master 
by Way of input/output 114 to input/ output 110. The number 
of idle cycles can be determined by a user With respect to 
access latency for the memory on the microcontroller board. 

In another implementation of the memory access system 
300, access latency may vary or be unknown. Therefore, a 
feedback mechanism may be used to provide the J TAG mas 
ter With status information for the memory access. The busy 
register 328 and the BUSY bit ?ag can provide this feedback 
to the J TAG master alloWing it to monitor a memory access to 
completion before beginning another. The feedback can be 
bene?cial When accessing cached memory, Which may need 
to be accessed from a sloWer system bus. It may also be 
bene?cial When accessing the microcontroller system bus if 
accessing internal memory that may be shared With an on 
chip bus master, an example of Which is shoWn in FIG. 3. The 
bus master may have higher priority, causing occasional long 
latency. 

In another implementation, the memory access system 
may be directly connected to the memory through a dedicated 
bus. This dedicated bus, for example, may include a DMA 
controller. This may alloW for increased throughput for 
memory accesses by reducing latency. 

Another implementation may include the use of other full 
duplex serial communication protocols. These protocols may 
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include RS-485, Ethernet 802.3, or a proprietary full-duplex 
serial communication protocol. The control logic for the 
memory access operations can be contained in a module on 
the microcontroller board that may directly interface to the 
serial communication port. 

In an implementation, the siZe ?eld used by a MACR may 
be hardcoded in the memory access control module. This can 
alloW the number of bits sent to the memory access control 
module on TDI, for example, to be decreased resulting in less 
time to scan in the address information to the MACR. 

Another implementation may include a block of registers 
at the output of the MACR 322 and the MDR 324 data 
registers. The block of registers may buffer the data that is 
output from these registers. The busy register may control the 
sending of the data back to the J TAG master only When valid 
data is available. Memory accesses can then occur at a rate 
independent of the rate at Which the data is sent back to the 
J TAG master. Also the JTAG master Would have no need to 
observe a BUSYbit for status information. It may assume that 
all data received back is valid. 
A number of embodiments of the invention have been 

described. Nevertheless, it Will be understood that various 
modi?cations may be made Without departing from the spirit 
and scope of the invention. Accordingly, other embodiments 
are Within the scope of the folloWing claims. 
What is claimed is: 
1. A method for executing a sequential data memory access 

through a serial access port coupled to a test device, the 
method comprising: 

a) receiving at the serial access port a command from the 
test device to access a block of sequential data elements 
in a memory array of a device under test and a start 
address value associated With the block, the command 
comprising an increment value; 

b) accessing a data element in the block at an address 
having the start address value, and outputting the 
accessed data element to the serial access port; 

c) incrementing the address by the increment value; 
d) accessing an additional data element in the block at the 

incremented address, and outputting the additional data 
element to the serial access port; 

e) performing c) and d) for each of any remaining data 
elements in the block of sequential data elements; and 

f) receiving an additional command from the test device 
and executing said additional command to test a logic 
component of the device under test other than the 
memory array While (b), (c), (d) and (e) are performed. 

2. The method of claim 1, further comprising generating a 
signal to indicate that an access of the memory array is com 
pleted. 

3. The method of claim 2, further comprising, in response 
to the signal, accessing a next block of sequential data accord 
ing to the method of claim 1. 

4. The method of claim 1, Where the command comprises 
the start address value. 

5. The method of claim 1, further comprising transmitting 
a status signal to the test device indicating Whether the 
sequential accessing is complete. 

6. The method of claim 5, further comprising receiving a 
subsequent access command from the test device upon a 
transition in the status signal. 

7. The method of claim 1, Where the serial access port is 
part of a J TAG interface. 

8. The method of claim 1, Where the device under test 
comprises an embedded controller. 

9. The method of claim 1, Where the data element com 
prises a nibble, byte, half Word, or Word. 
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10. The method of claim 1, Where the serial access port is 

full-duplex. 
11. The method of claim 1, Where substantially an entire 

data block, comprising multiple data elements in the memory 
array that are each accessed in at least one operation Within 
the device under test, is accessed through the serial access 
port upon the receipt of a single block-access command from 
the test device. 

12. A system for executing a sequential data memory 
access through a serial access port comprising: 

a test device to transmit a block access command specify 
ing a start address and an increment value to an embed 
ded device under test; and 

a memory access controller to receive the block access 
command and successively access data elements in the 
block of a memory array of the embedded device, the 
memory access controller operable to sequentially 
access the data at the start address, increment the address 
by the increment value, sequentially access data at the 
incremented address, and repeat the incrementing and 
accessing for each remaining data element in the block, 

Wherein the serial access port is con?gured to receive and 
execute a command to test a logic component of the 
embedded device other than the memory array While the 
memory access controller is executing the block access 
command. 

13. The system of claim 12, further comprising a signal 
generated by the memory access controller to indicate that a 
memory access is completed. 

14. The system of claim 13, Where the memory access 
controller is operable to sequentially access a next block of 
sequential data in response to the signal. 

15. The system of claim 12, further comprising a status 
signal transmitted to the test device by the memory access 
controller indicating Whether the sequential accessing is com 
plete. 

16. The system of claim 15, Where the test device is oper 
able to transmit a subsequent access command to the memory 
access controller upon a transition in the status signal. 

17. The system of claim 12, Where the increment value is 
user-speci?ed. 

18. The system of claim 12, Where substantially an entire 
data block is accessed upon the receipt of a single command 
from the test device. 

19. An embedded controller device comprising: 
a memory array; 

a controller core that executes instructions in the memory 
array; 

a serial access port con?gured to receive commands for 
testing the memory array and the controller core from a 
test system that is external to the device; and 

a memory array controller coupled to the serial access port 
and con?gured to (a) receive a block access command 
from the test system, through the serial access port, that 
speci?es a start address value associated With a block of 
sequential data elements in the memory array to be 
accessed, and an increment value; (b) access a data ele 
ment in the memory array at an address having the start 
address value; (c) increment the address by the incre 
ment value and access a data element in the memory 
array at the incremented address; and (d) perform (c) for 
each of any remaining data elements in the block of 
sequential data elements, 

Wherein the serial access port is con?gured to receive and 
execute a command to test a logic component of the 
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device other than the memory array While the memory 
array controller is performing (b), (c) and (d) to execute 
the block access command. 

20. The device of claim 19, Wherein the memory array 
controller is con?gured to receive a single block access com 
mand and perform (b), (c) and (d) based on the single block 
access command, Without receiving any additional com 
mands. 

21. The device of claim 19, Wherein the memory array 
controller is con?gured to receive a block access command 10 
that comprises either a block read command or a block Write 
command. 
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22. The device of claim 19, Wherein the memory array 

controller is con?gured to receive a block access command 
comprising a block siZe that speci?es a siZe of the block of 
sequential data elements. 

23. The device of claim 19, Wherein the memory array 
controller is con?gured to generate a busy signal While per 
forming (b) and (c). 


